We evaluated the influence of amino acids in improving teicoplanin productivity. Arginine, lysine, and proline were selected for better productivity among 20 amino acids in Erlenmeyer flasks. Proline was finally chosen as the additive for maximum teicoplanin productivity in a 5-liter fermenter. We obtained the highest teicoplanin productivity, 3.12 g/l, on the eighth d in a 75-liter pilot fermenter.
Teicoplanin is an antibiotic agent used clinically in the treatment of gram-positive infections, especially methicillin-resistant Staphylococcus aureus infections. It is a mixture of various glycopeptides produced by Actinoplanes teichomyceticus. The most interested one is teicoplanin A 2 , a complex of related compounds designated teicoplanin A 2-1 -A 2-5 .
1) The A2 components are characterized by the presence of a unique long lipid chain attached to a sugar moiety.
2) This lipid chain operates as a membrane anchor. 3) It is so hard to synthesize teicoplanin that it is produced by fermentation. The fermentation process must be performed with a mutant strain and an optimized medium for high teicoplanin production. The highest productivity ever reported is 1.8 g teicoplanin/l using a pilot fermenter with a mutant strain. 4) Seven amino acids are connected by the peptide bonds in the teicoplanin core, which comprises the backbone of teicoplanin polyketide. The productivity and ratio of teicoplanin were affected by the addition of amino acids at various concentrations to the media. 5, 6) An influence of leucine and valine on ramoplanin (a kind of glycopeptide antibiotic) production has been reported. 7) Judging by these results, it appeared that amino acids acted as a precursor or stimulator in the production of teicoplanin. Hence we investigated the effects of the addition of amino acids in producing teicoplanin. In all our experiments, a mutant strain, Actinoplanes teichomyceticus ID9303, was used. First we added 20 amino acids at 0.01-0.5% concentration to basal media (1% glucose, 2% malt extract, 1% cotton seed meal, and 0.5% dry yeast). Then we selected three amino acids that showed better productivity in Erlenmeyer flasks. These were arginine, lysine, and proline. For arginine and proline, 0.05% was chosen as the optimal concentration. For lysine, 0.5% was chosen. The fold increases at maximum teicoplanin concentration were 2.3, 2.7, 3.1-fold in each medium for added arginine, lysine, and proline ( Fig. 1) . Productivity with the addition of two amino acids could not be increased further as compared with the addition of a single amino acid ( Fig. 1) . It appeared that a synergic effect did not occur when a combination of two amino acids was used in cultivation. Each addition of cysteine, isoleucine, methionine, serine and tyrosine to the basal medium reduced productivity at the all concentrations as compared with control (amino acid 0%), and the other additions of amino acids did not alter the concentration of teicoplanin (data were not shown).
To increase the production scale of teicoplanin, we carried out fermentation in a 5-liter fermenter (New Brunswick Scientific, NJ, BIOFLO3000) with 3.5-liter of working volume, based on the results of the Erlenmeyer flask experiments for 11 d. In Fig. 2 , it is observed that the addition of 0.05% arginine and 0.5% lysine did not increase the concentration of teicoplanin from the fourth d of the cultivation period (Fig. 2) . This indicates that the addition of 0.05% arginine and 0.5% lysine did not act as a stimulator in the fermenter, in contrast with the results for the Erlenmeyer flask. The productivity of the addition of proline was higher than that of the addition of arginine and lysine; 2.53 g teicoplanin/l was identified on the eighth d (Fig. 2) . The drop of the teicoplanin production of the proline-added medium appeared on the ninth d, however, that of the arginine-and lysine-added medium appeared on the seventh d. This indicates that the teicoplanin production time of the proline-added medium was longer than that of the arginine-and lysine-added medium, and the productivity also increased in the proline-added medium in accordance with the time span.
Large-scale production of teicoplanin was carried out in a 75-liter pilot fermenter (Bioengineering, Switzerland, LP351) with 45-liter of working volume. Proline at 0.05% was added to the basal medium. In Fig. 3 , the DO value dropped dramatically for 2 d, then rose during fermentation to almost 100%. The pH value dropped during the growth phase to pH 5.4 on the third d, then rose during the teicoplanin production phase to pH 7.9. Synthesis of teicoplanin started when the pH value and the glucose concentration dropped to the lowest point, and a sharp increase in the amount of teicoplanin appeared on the third d, followed by a slow increase to the eighth d (Fig. 3) . The time course of teicoplanin production indicated that the formation of teicoplanin reached a maximum on the eighth d, at 3.12 g/l. This was improved teicoplanin productivity, about 5-fold in comparison with the basal medium, which did not contain amino acid. Actinoplanes teichomyceticus ID9303 was cultivated at 28 C for 10 d on a rotary shaker at 130 rpm. Amino acids were added to the basal medium. The teicoplanin concentration was determined by HPLC. A, Arginine was added to the production medium, 0%-0.5%. B, Lysine, 0%-0.5%. C, Proline, 0%-0.5%. D, Two amino acids were added at each concentration; Exp. 1, arginine 0.05% + lysine 0.5%; Exp. 2, arginine 0.05% + proline 0.05%; Exp. 3, lysine 0.5% + proline 0.05%. C at an aeration rate of 1vvm and an agitation speed of 500 rpm. Fifty milliliters of broth were sampled and analyzed for teicoplanin, glucose, and DCW.
Previous investigations reported in an US patent showed that the addition of amino acids, valine (sodium salt), valine (hydrochloric acid), isoleucine, and leucine to the culture media increased teicoplanin productivity or altered the ratio of teicoplanin components.
5) The polyketide of teicoplanin is derived from tyrosine. 8) Judging by the above reports, amino acid may be a precursor that acts on the biosynthesis of teicoplanin. In this study, the addition of proline increased the productivity of teicoplanin. This indicates that proline might also act as a precursor of teicoplanin.
In conclusion, the addition of amino acids to teicoplanin production medium can augment productivity. Especially, proline showed the best productivity among the amino acids, and the addition of proline at 0.05% was identified as an optimal condition for the production of teicoplanin in a 5-liter jar fermenter. We finally got 3.12 g teicoplanin per liter, with maximum concentration in a 75-liter pilot fermenter. This is the best productivity of teicoplanin in fermentation yet published.
